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the work—we had almost said the noble work—which 
lies before them. Surely at a time when England would 
gain so much by the scientific education, not only of 
her Workmen but of her Ministers, an attempt to place 
Science before the Public, week by week, as Politics, 
Art, Music, and a hundred other things are placed 
before them, must not be suffered to flag; when the 
number of science-teachers and science-students is 
daily increasing, and the necessity for combined action 
and representation among scientific men themselves 
is being more and more felt, the popularisation of 
science becomes more important than ever, and every 
effort to gain these ends deserves a larger encourage¬ 
ment, for the most “ practical man ” will now soon be 
made to feel that Science dogs his every footstep, 
meets him at every turn, and twines itself round his life ; 
nay, it may soon become evident that such a practical 
thing as a stagnation of trade may in some way be 
traced to the neglect of science. 

Hence our endeavour in the future will be not only 
to make our journal a necessity in the Studies of the 
more thoughtful, and in our Schools, but a welcome 
visitor in the Homes of all who care for aught that is 
beautiful and true in the world around them. 

Editor 


THE VELOCITY OF THOUGHT 
11 AS quick as thought ” is a common proverb, and pro- 
bably not a few persons feel inclined to regard the 
speed of mental operations as beyond our powers of mea¬ 
surement. Apart, however, from those minds which take 
their owners so long in making up because they are so 
great, rough experience clearly shows that ordinary think¬ 
ing does take time ; and as soon as mental processes 
were brought to work in connection with delicate instru¬ 
ments and exact calculations, it became obvious that the 
time they consumed was a matter for serious considera¬ 
tion. A well-known instance of this is the “per¬ 
sonal equation” of the astronomers. When a person 
watching the movement of a star, makes a signal the 
instant he sees it, or the instant it seems to him to cross a 
certain line, it is found that a definite fraction of a second 
always elapses between the actual falling of the image of 
the star on the observer’s eye, and the making of the 
signal—a fraction, moreover, varying somewhat with 
different observers, and with the same observer under 
differing mental conditions. Of late years considerable 
progress has been made towards an accurate knowledge 
of this mental time. 

A typical bodily action, involving mental effort, may be 
regarded as made up of three terms ; of sensations tra¬ 
velling towards the brain, of processes thereby set up 
within the brain, and of resultant motor impulses tra¬ 
velling from the brain towards the muscles which are 
about to be used. Our first task is to ascertain how much 
time is consumed in each of these terms ; we may after¬ 
wards try to measure the velocity of the various stages 
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and parts into which each term may be further sub¬ 
divided. 

The velocity of motor impulses is by far the simplest 
case of the three, and has already been made out pretty 
satisfactorily. We can assert, for instance, that in frogs 
a motor impulse, the message of the will to the muscle, 
travels at about the rate of 28 metres a second, while in 
man it moves at about 33 metres. The method by which 
this result is obtained may be described in its simplest 
form somewhat as follows 

The muscle which in the frog corresponds to the calf 
of the leg, may be prepared with about two inches of its 
proper nerve still attached to it. If a galvanic current be 
brought to bear on the nerve close to the muscle, a motor 
impulse is set up in the nerve, and a contraction of the 
muscle follows. Between the exact moment when the 
current breaks into the nerve, and the exact moment 
when the muscle begins to contract, a certain time 
elapses. This time is measured in this way :—A blackened 
glass cylinder, made to revolve very rapidly, is fitted with 
two delicate levers, the points of which just touch the 
blackened surface at some little distance apart from each 
other. So long as the levers remain perfectly motionless, 
they trace on the revolving cylinder two parallel, hori¬ 
zontal, unbroken lines ; and any movement of either is in¬ 
dicated at once by an upward (or downward) deviation 
from the horizontal line. These levers further are so 
arranged (as may readily be done) that the one lever is 
moved by the entrance of the very galvanic current which 
gives rise to the motor impulse in the nerve, and thus 
marks the beginning of that motor impulse; while the 
other is moved by the muscle directly this begins to con¬ 
tract, and thus marks the beginning of the muscular con¬ 
traction. Taking note of the direction in which the 
cylinder is revolving, it is found that the mark of the 
setting up of the motor impulse is always some little 
distance ahead of the mark of the muscular contraction; 
it only remains to be ascertained to what interval of time 
that distance of space on the cylinder corresponds. Did 
we know the actual rate at which the cylinder revolves 
this might be calculated, but an easier method is to bring 
a vibrating tuning-fork, of known pitch, to bear very 
lightly sideways on the cylinder, above or between the 
two levers. As the cylinder revolves, and the tuning- 
fork vibrates, the latter will mark on the former a hori¬ 
zontal line, made up of minute, uniform waves correspond¬ 
ing to the vibrations. In any given distance, as for 
instance in the distance between the two marks made by 
the levers, we may count the number of waves. These will 
give us the number of vibrations made by the tuning-fork 
in the interval ; and knowing how many vibrations the 
tuning-fork makes in a second, we can easily tell to what 
fraction of a second the number of vibrations counted 
corresponds. Thus, if the tuning-fork vibrates 100 times 
a second, and in the interval between the marks of the 
two levers we count ten waves, we can tell that the time 
between the two marks, i.e. the time between the setting¬ 
up of the motor impulse and the beginning of the muscular 
contraction, was tV of a second. 

Having ascertained this, the next step is to repeat the 
experiment exactly in the same way, except that the 
galvanic current is brought to bear upon the nerve, not 
dose to the muscle, but as far off as possible at tire 
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furthest point of the two inches of nerve. The motor 
impulse has then to travel along the two inches of nerve 
before it reaches the point at which, in the former ex¬ 
periment, it was first set up. 

On examination, it is found that the interval of time 
elapsing between the setting up of the motor impulse 
and the commencement of the muscular contraction is 
greater in this case than in the preceding. Suppose it is 
.i of a second—we infer from this that it took the motor 
impulse ^ of a second to travel along the two inches of 
nerve : that is to say, the rate at which it travelled -was 
one inch in of a second. 

By observations of this kind it has been firmly estab¬ 
lished that motor impulses travel along the nerves of 
a frog at the rate of 28 metres a second, and by a 
very ingenious application of the same method to the 
arm of a living man, Helmholtz and Baxt have ascertained 
that the velocity of our own motor impulses is about 
33 metres a second.* Speaking roughly this may be 
put down as about 100 feet in a second, a speed which 
is surpassed by many birds on the wing, which is nearly 
reached by the running of fleet quadrupeds, and even by 
man in the movements of his arm, and which is infinitely 
slower than the passage of a galvanic current. This is 
what we might expect from what we know of the complex 
nature of nervous action. When a nervous impulse, set 
up by the act of volition, or by any other means, travels 
along a nerve, at each step there are many molecular 
changes, not only electrical, but chemical, and the analogy 
of the transit is not so much with that of a simple galvanic 
current, as with that of a telegraphic message carried along 
a line almost made up of repeating stations. It has been 
found, moreover, that the velocity of the impulse depends, 
to some extent, on its intensity. Weak impulses, set up 
by slight causes of excitement, travel more slowly than 
strong ones. 

The contraction of a muscle offers us an excellent ob¬ 
jective sign of the motor impulse having arrived at its 
destination ; and, all muscles behaving pretty much the 
same towards their exciting motor impulses, the results 
obtained by different observers show a remarkable agree¬ 
ment. With regard to the velocity of sensations or 
sensory impulses, the case is very different ; here we have 
no objective sign of the sensation having reached the 
brain, and are consequently driven to roundabout methods 
of research. We may attack the problem in this way. 
Suppose that, say by a galvanic shock, an impression is 
made on the skin of the brow, and the person feeling it 
at once makes a signal by making or breaking a galvanic 
current. It is very easy to bring both currents into con¬ 
nection with a revolving cylinder and levers, so that we 
can estimate by means of a tuning-fork, as before, the 
time which elapses between the shock being given to the 
brow and the making of the signal. We shall then get 
the whole “physiological time,” as it is called (a very bad 
name), taken up by the passage of the sensation from the 
brow to the brain, by the resulting cerebral action, in¬ 
cluding the starting of a volitional impulse, and by the 
passage of the impulse along the nerve of the arm and 

* Quite recently M. Place has determined the rate to be S3 metres per 
second. This discordance is too great to be allowed to remain long unex¬ 
plained, and we are very glad to hear that Helmholtz has repeated his ex¬ 
periments, employing a new method of experiment, the results of which we 
hope will soon be published. 


hand, together with the muscular contractions which make 
the signal. We may then repeat exactly as before, with 
the exception that the shock is applied to the foot, for 
instance, instead of the brow. When this is done, it is 
found that the whole physiological time is greater in the 
second case than in the first; but the chief difference to 
account for the longer time is, that in the first case the 
sensation of the shock travels along a short tract of nerve 
(from the brow to the brain), and in the second case 
through a longer tract (from the foot to the brain). We 
may conclude, then, that the excess of time is taken 
up by the transit of the sensation through the distance 
by which the sensory nerves of the foot exceed in length 
those of the brow. And from this we can calculate the 
rate at which the sensation moves. 

Unfortunately, however, the results obtained by this 
method are by no means accordant; they vary as much 
as from 26 to 94 metres per second. Upon reflection, 
this is not to be wondered at. The skin is not equally 
sentient in all places, and the same shock might produce 
a weak shock (travelling more slowly) in one place, and a 
stronger one (travelling more quickly) in another. 

Then, again, the mental actions involved in the making 
the signal may take place more readily in connection with 
sensations from certain parts of the body than from 
others. In fact, there are so many variables in the data 
for calculation that though the observations hitherto made 
seem to show that sensory impressions travel more rapidly 
than motor impulses (44 metres per second), we shall not 
greatly err if we consider the matter as yet undecided. 

By a similar method of observation certain other con¬ 
clusions have been arrived at, though the analysis of the 
particulars is not yet within our reach. Thus nearly all 
observers are agreed about the comparative amount of 
physiological time required for the sensations of sight, 
hearing, and touch. If, for instance, the impression to be 
signalled be an object seen, a sound heard, or a galvanic 
shock felt on the brow, while the same signal is made in 
all three cases, it is found that the physiological time is 
longest in the case of sight, shorter in the case of hearing, 
shortest of all in the case of touch. Between the appear¬ 
ance of the object seen (for instance, an electric spark) 
and the making of the signal, about J; between the 
sound and the signal, •§■; between the touch and signal, 
^ of a second, is found to intervene. 

This general fact seems quite clear and settled ; but if 
we ask ourselves the question, why is it so ? where, in the 
case of light, for instance, does the delay take place ? we 
meet at once with difficulties. The differences certainly 
cannot be accounted for by differences in length between 
the optic, auditory, and brow nerves. The retardation in 
the case of sight as compared with touch may take place 
in the retina during the conversion of the waves of light 
into visual impressions, or may be due to a specifically 
lower rate of conduction in the optic nerve, or may arise 
in the nervous centre itself through the sensations of light 
being imperfectly connected with the volitional mecha¬ 
nism in the brain put to work in the making of the signal. 
One observer (Wittich) has attempted to settle the first 
of these questions by stimulating the optic nerve, not by 
light, but directly by a galvanic current, and has found 
that the physiological time was thereby decidedly less¬ 
ened ; while conversely, by substituting a prick or pressure 
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on the skin for a galvanic shock, the physiological time of 
touch was lengthened. But there is one element, that of 
intensity (which we have every reason to think makes 
itself felt in sensory impressions, and especially in cerebral 
actions even more than in motor impulses), that disturbs all 
these calculations, and thus causes the matter to be left in 
considerable uncertainty. How can we, for instance, 
compare the intensity of vision with that either of hearing 
or of touch ? 

The sensory term, therefore, of a complete mental action 
is far less clearly understood than the motor term ; and 
we may naturally conclude that the middle cerebral term 
is still less known. Nevertheless, here too it is possible to 
arrive at general results. We can, for instance, estimate 
the time required for the mental operation of deciding 
between two or more events, and of willing to act in 
accordance with the decision. Thus, if a galvanic shock 
be given to one foot, and the signal be made with the hand 
of the same side, a certain physiological time is consumed 
in the act. But if the apparatus be so arranged that the 
shock may be given to either foot, and it be required that 
the person experimenting, not knowing beforehand to 
which foot the shock is coming, must give the signal with 
tire hand of the same side as the foot which receives the 
shock, a distinctly longer physiological time is found to 
be necessary. The difference between the two cases, 
which, according to Bonders, amounts to T §g- 0 , or about 
fg of a second, gives the time taken up in the mental 
act of recognising the side affected and choosing the side 
for the signal. 

A similar method may be employed in reference to 
light. Thus we know the physiological time required for 
any one to make a signal on seeing a light. But Donders 
found that when matters were arranged so that a red 
light was to be signalled with the left hand and a white 
with the right, the observer not knowing which colour 
was about to be shown, an extension of the physiological 
time by of a second was required for the additional 
mental labour. This of course was after a correction 
(amounting to of a second) had been made for the 
greater facility in using the right hand. 

The time thus taken up in recognising and willing, was 
reduced in some further observations of Donders, by the 
use of a more appropriate signal. The object looked for 
was a letter illuminated suddenly by an electric spark, and 
the observer had to call out the name of the letter, his cry 
being registered by aphonautograph,the revolving cylinder 
of which was also marked by the current giving rise to 
the electric spark. 

When the observer had to choose between two letters, 
the physiological time was rather shorter than when the 
signal was made by the hand ; but when a choice of five 
letters was presented, the time was lengthened, the duration 
of the mental act amounting in this case to jjnjg of a second. 

When the exciting cause was a sound answered by a 
sound, the increase of the physiological time was much 
shortened. Thus, the choice between two sounds and the 
determination to answer required about of a second; 

while, when the choice lay between five different sounds, 
T§§T5 of a second was required. In these observations two 
persons sat before the phonautograph, one answering the 
other, while the voices of both were registered on the 
same revolving cylinder, 


These observations may be regarded as the beginnings 
of a new line of inquiry, and it is obvious that by a proper 
combination of changes various mental factors may be 
eliminated and their duration ascertained. For instance, 
when one person utters a sound, the nature of which has 
been previously arranged, the time elapsing before the 
answer is given corresponds to the time required for 
simple recognition and volition. When, however, the 
first person has leave to utter any one, say of five, given 
sounds, and the second person to make answer by the 
same sound to any and every one of the five which he 
thus may hear, the mental process is much more com¬ 
plex. There is in this case first the perception and recog¬ 
nition of sound, then thejaare volition towards an answer, 
and finally the choice and combination of certain motor 
impulses which are to be set going, in order that the 
appropriate sound may be made in answer. All this latter 
part of the cerebral labour may, however, be reduced to a 
minimum by arranging that though any one of five sounds 
may be given out, answer shall be made to a particular 
one only. The respondent then puts certain parts of his 
brain in communication with the origin of certain out¬ 
going nerves ; he assumes the attitude, physical and 
mental, of one about to utter the expected sound. To use 
a metaphor, all the trains are laid, and there is only need 
for the match to be applied. When he hears any of the 
four sounds other than the one he has to answer, he has 
only to remain quiet. The mental labour actually em¬ 
ployed when the sound at last is heard is limited almost 
to a recognition of the sound, and the rise of what we may 
venture to call a bare volitional impulse. When this is 
done, the time is very considerably shortened. In this 
way Donders found, as a mean of numerous observations, 
that the second of these cases required j Jg- 0 - of a second, and 
the third only j§gy over and above the first. That is to 
say, while the complex act of recognition, rise of volitional 
impulse, and inauguration of an actual volition, with the 
setting free of co-ordinated motor impulses, took vooti of 
a second, the simple recognition and rise of volitional im¬ 
pulse took xtnro' only. We infer, therefore, that the full 
inauguration of the volition took VWo 9 = itfo- In rough 
language, it took of a second to think, and rather 
less to will. 

We may fairly expect interesting and curious results 
from a continuation of these researches. Two sources of 
error have, however, to be guarded against. One, and 
that most readily appreciated and cared for, refers to 
exactitude in the instruments employed ; the other, far 
more dangerous and less readily borne in mind, is the 
danger of getting wrong in drawing averages from a 
number of exceedingly small and variable differences. 

M. Foster 


CHOICE AND CHANCE 
Choice and Chance. By the Rev. Wm. Allen Whitworth, 
M.A., Fellow of St. John’s College, Cambridge. 2nd 
ed. Enlarged. 1870. (Deighton, Bell & Co.) 

E should think that not a few copies of the first edition 
of this workmust have been purchased underthe im¬ 
pression that it was an interesting story; and it is surprising 
that so neat and suggestive a title had not been long ago 
appropriated by some needy novelist. This work, how¬ 
ever, is a very able elementary treatise on those puzzling 
branches of mathematics which treat of combinations 
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